Although obesity is increasing in prevalence, relatively little attention has been given to its impact on outcomes in patients with chronic obstructive pulmonary disease (COPD) completing pulmonary rehabilitation. We conducted a retrospective chart review of 114 patients with COPD who completed outpatient pulmonary rehabilitation at our center. Body habitus categories were determined based on body mass index (BMI). Underweight patients (BMI < 21 kg/m 2 ) were excluded from the analysis. Normal weight and overweight patients were classified as nonobese. Obese patients (BMI >30 kg/m 2 ) were compared with non-obese patients in the following areas: forced expiratory volume in 1 s (FEV 1 ) percent predicted, the 6-min walk distance (6MWD), health status, the number of unsupported arm lifts per minute, and functional performance. Health status was determined using the Self-Reported Chronic Respiratory Questionnaire (CRQ-SR), which has dimensions of dyspnea, fatigue, emotion, and mastery. Functional performance was determined using the Pulmonary Functional Status Scale Daily Activities subscore. Compared with non-obese patients, obese patients had a higher FEV 1 percent-predicted (44 ± 15% vs 52 ± 16%; P = 0.01), yet had lower 6MWD (269 ± 11 vs 203 ± 13; P = 0.0002), lower functional status, and greater fatigue at initial evaluation. However, the two groups had similar walk-work, which adjusts for differences in weight. Despite the baseline differences, both groups improved similarly following pulmonary rehabilitation (change in 6MWD was 52 ± 7 m in the non-obese patients versus 47 ± 9 in the obese patients; P = 0.65). Our study suggests that obese COPD patients are referred to pulmonary rehabilitation at an earlier spirometric stage of their disease, but have a poorer exercise performance, a greater degree of functional impairment and greater fatigue levels. This is probably, largely because of the effect of an increased weight burden. However, obesity did not seem to adversely affect the pulmonary rehabilitation outcomes.
Introduction
Comprehensive pulmonary rehabilitation is recognized as an important and effective therapy for individuals with chronic obstructive pulmonary disease (COPD). 1, 2 According to the American Thoracic Society/European Respiratory Society Statement on Pulmonary Rehabilitation published in 2006, its components include patient assessment, exercise training, education, psychosocial support, and nutritional intervention. 3 This document lists sev-eral reasons behind listing nutritional intervention as a prominent component of pulmonary rehabilitation: 1) the high prevalence of nutritional depletion and body composition abnormalities in chronic respiratory disease, and their association with morbidity and mortality, 2) the higher caloric requirements needed for exercise training, and 3) the potential enhanced benefits of combining nutritional supplementation with exercise training. 3 While addressing nutritional depletion is of obvious importance in pulmonary rehabilitation, we are currently in the midst of an epidemic of obesity. 4 Surprisingly, there has been relatively little attention given to the prevalence and impact of obesity in pulmonary rehabilitation. Accordingly, we reviewed the records of patients with COPD referred to our pulmonary rehabilitation program to evaluate the effect of this co-morbid condition on outcome.
Methods
This retrospective chart review of adult patients who completed outpatient pulmonary rehabilitation at our institution was conducted to compare rehabilitation assessment and outcomes in obese versus non-obese patients. Inclusion criteria for this review were a diagnosis of COPD and a forced expiratory volume in 1 s (FEV 1 )/forced vital capacity (FVC) < 0.70. Body mass index (BMI) was calculated by dividing the weight (in kilogram) by the height (in meters) squared.
Body habitus was categorized using the BMI. 4 A normal habitus was defined as a BMI between 21 and 24.9 kg/m 2 , overweight habitus as a BMI between 25 and 29.9 kg/m 2 , and obesity as a BMI of 30 kg/m 2 or greater. We used a BMI < 21 kg/m 2 to define underweight habitus because this cut-off has been determined to predict poor outcome in COPD. 5 Because underweight status is an independent, negative predictor of outcome in COPD, 5 these patients were excluded from this analysis. Assessment and outcome data in normal-weight and overweight patients were similar; therefore, these groups were combined into a non-obese category. The data analysis, therefore, compared assessment and outcome data between obese versus nonobese patients.
Pulmonary rehabilitation included an initial assessment by the rehabilitation coordinator. Disease severity assessments were made and individual goal-setting was accomplished. COPD severity was classified according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria. 1 All patients had a medical evaluation before rehabilitation. Screening for anxiety and depression were performed using the Hospital Anxiety and Depression Scale (HADS) questionnaire. 6 Approximately 16 sessions of group and individual whole-body aerobic exercise training, strength training, educational sessions, and nutritional therapy (when needed) were given. Assessment toward goals was performed regularly during rehabilitation.
Outcomes were assessed pre-and immediately post-pulmonary rehabilitation. Outcomes included:
1. The six minute walk distance (6MWD). For this the patient was instructed to walk as far as possible in a corridor for a duration of 6 min. For patients requiring supplemental oxygen, this was carried by a staff member walking behind them. Patients were familiarized with the testing before the procedure, but no practice walks were given.
Health status, using a self-reported Chronic
Respiratory Questionnaire (CRQ-SR). 7 This 20-item instrument has individually-scored dimensions of dyspnea (five questions), fatigue (four questions), emotion (seven questions), and mastery (four questions), as well as a total score. Each question is rated from 1 to 7, with higher scores indicating less impairment in health status. Dimension and total CRQ-SR scores are reported on the 1-7 scale. A 0.5 unit per question change in the interviewer-administered CRQ is considered the clinically meaningful threshold. 8 3. The number of unsupported arm lifts per minute. 9 This has been reported to be responsive to pulmonary rehabilitation. 9 4. Functional performance, using the Daily Activities Subscore of the Pulmonary Functional Status Scale (PFSS). 10 Higher scores indicate greater levels of functional status. This instrument has shown responsiveness to the pulmonary rehabilitation interventions. 11 Demographic, disease severity, and outcome variables are presented as either means ± standard deviations or proportions. The 6MWD results were expressed in two ways: 1) in meters walked and 2) as walk-work, defined as the product of the walk test distance (meters) and body weight (kilograms). 12 Baseline characteristics (age, FEV 1 percentpredicted, FEV 1 /FVC, and HAD scores) were compared using t-tests. Categorical variables (gender, supplemental oxygen use) were compared using chi-square analysis. 6MWD, CRQ scores, arm lifts, and functional activities were compared using a general linear model (SAS GLM), 13 with body habitus (obese versus non-obese) as independent variable. For this analysis, age, gender, and FEV 1 percent-predicted were included as covariates, and least-squares means analysis compared habitus groups. Changes in outcome variables were also compared using this model. A P < 0.05 was considered significant.
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Results
Total group (n = 114)
Records from 114 patients with a clinical diagnosis of COPD and an FEV 1 /FVC < 0.70 who completed our pulmonary rehabilitation program between 2002 and 2007 were reviewed. Demographic, disease severity, and initial assessment data for the total group are given in Table 1 . Body habitus categories for the total group are: 14% underweight, 20% normal weight, 32% overweight, and 34% obese. COPD severity classification, according to GOLD spirometric criteria, was mild in 3.5%, moderate in 34.2%, severe in 44.7%, and very severe in 17.5%. Following pulmonary rehabilitation, there were significant improvements in the 6MWD (47 ± 55 m), arm lifts per minute (13 ± 14), CRQ total score (1.8 ± 1.8), and PFSS functional activities (0.27 ± 0.37) (all, P < 0.0001).
Obese versus non-obese patients (n = 98)
Tables 2 and 3 compare the 59 non-obese (normal weight and overweight) versus the 39 obese (BMI > 30 kg/m 2 ) patients with respect to assessment and outcome data, respectively. Compared with non-obese patients, the obese patients had a higher percent-predicted FEV 1 and FEV 1 /FVC, yet their 6MWD was lower. There was no significant difference in the 6-min walk-work. In nonobese patients, the FEV 1 correlated with the 6MWD (r = 0.30, P = 0.02) and the walk-work (r = 0.27, P = 0.03). Functional activity scores were lower in obese patients. There was no difference in the num-ber of unsupported arm lifts per minute, or in anxiety/depression screening scores. Obese patients tended to have a lower initial CRQ score. Supplemental oxygen use (including oxygen during exercise training) was not different between the non-obese and obese groups (42% vs 54%, respectively, P = 0.27).
Both groups had similar improvements in the 6MWD, CRQ, and functional activities. Obese 
Discussion
To our knowledge, this is the first study addressing the relationship between obesity and outcomes in patients with COPD who underwent outpatient pulmonary rehabilitation. This information is especially pertinent in view of the increasing prevalence of obesity in the general population. In patients referred to our pulmonary rehabilitation program, obese patients outnumbered underweight patients by more than 2:1. This undoubtedly reflects this demographic change in our general population.
Patients are usually referred to pulmonary rehabilitation when, despite otherwise optimal medical therapy, they still have significant symptoms and/or functional status impairment. At initial assessment in our program, obese COPD patients had less-severe airflow obstruction, yet had shorter walk distances, greater fatigue, and greater limitation in functional activities. Thus, it appears that obese patients get referred to pulmonary rehabilitation at an earlier stage of their disease, if staging depends primarily on spirometric criteria such as the GOLD classification. 1 The American Thoracic Society -European Respiratory Society Statement of Pulmonary Rehabilitation lists several potential factors contributing to decreased exercise capacity in COPD; these include ventilatory and gas exchange limitations, cardiac dysfunction, skeletal muscle dysfunction, and respiratory muscle dysfunction. 3 Our retrospective review of limited data cannot assess the relative importance of each of these variables in limiting exercise performance.
The presence of obesity is associated with other important conditions, such as sleep disturbance, cardiac disease, and joint problems. The BMI, although simple to measure, cannot capture these potential confounding variables. Additionally, because patients with COPD often have reductions in fat-free mass (a strong predictor of exercise intolerance), 14 an evaluation of body composition on outcome would have been interesting. Although we did not have data on resting or exercise-related hypoxemia, the supplemental oxygen use was similar in both groups.
Interestingly, the 6MWD and the walk-work did not correlate with the FEV 1 in obese patients, but did so in non-obese patients. This suggests that the poorer lower extremity exercise performance in obese patients reflects, in large part, an increased weight burden. This is supported by our finding that the walk-work was not different in the two groups. Our findings are similar to those of Enright, et al., 15 who found a relationship between increased weight and a decreased 6MWD in elderly subjects. Interestingly, this effect became apparent at a BMI > 30 kg/m 2 , which was our criterion for obesity categorization. Seres, et al. 16 determined that the reduced exercise capacity in morbid obesity was associated with greater oxygen uptake, heart rate, systolic blood pressure, and minute ventilation, as well as a decreased exercise capacity. They attributed the decreased exercise capacity to the need for more energy to move the increased total body mass.
In our patients, upper extremity exercise performance at baseline was not different between the two groups. This can probably be explained because, unlike the 6MWD, upper extremity testing does not require the patient to move his/her entire body mass over a distance.
The PFSS Daily Activities subscore rates the degree of difficulty in common daily physical activities, such as self-care, mobility, household tasks, and grocery shopping. The observed reduction in selfreported functional activities in obese patients is in concordance with their decreased functional exercise performance. Indeed, in patients referred for pulmonary rehabilitation, a high correlation has been reported between the 6MWD distance and the PFSS Daily Activities score. 17 Fatigue, a complex and important symptom in COPD, closely related to dyspnea, 18 was also greater in obese patients. Interestingly, both groups reported similar levels of dyspnea. This may simply reflect the fact that the CRQ-SR rates breathlessness associated with individual-specific activities, enhancing its evaluative properties but diminishing its discriminative properties. In addition, obese patients may have ratcheted down their physical activitiesas supported by their functional activities scoresmaking exertional dyspnea less prominent.
Although obesity was related to baseline status, it did not appear to affect pulmonary rehabilitation outcomes: lower extremity exercise performance, health status, and functional status improved to similar degrees in both groups. We cannot explain the isolated finding of the greater improvement in upper extremity exercise performance in non-obese patients. Similar to our findings, in a study by Garrod, et al., 19 BMI was not related to changes in the Chronic Respiratory Disease Influence of obesity in patients with COPD K Ramachandran et al.
6MWD or health status following pulmonary rehabilitation. In summary, our findings suggest that obese COPD patients are referred to pulmonary rehabilitation at an earlier spirometric stage of their disease, yet they have poorer exercise performance, a greater impairment in their daily activities, and greater levels of fatigue. This probably reflects, in large part, the effect of the increased weight burden on already diseased lungs. Despite these differences in baseline characteristics, obesity was not related to exercise or health status outcomes following pulmonary rehabilitation.
